In this paper, we demonstrate that depth-specific conversion point (DSCP) binning is superior to asymptotic conversion point (ACP) binning for 4C-3D seismic survey design. P-S fold patterns at target levels depend on V p /V s , and in the case of ocean-bottom cable (OBC) data, also on water depth. These issues are illustrated in a simple design example.
Introduction
Over the past several years, CREWES has discussed a number of design issues for both 2D and 3D converted wave land surveys (Lawton, 1993 (Lawton, , 1994 (Lawton, , 1996 Lawton et al., 1995) . Initially, survey designs were based only on asymptotic conversion points, and the major issues revolved around bin size and fold periodicity resulting from ACP binning approaches (Lawton, 1993 (Lawton, , 1994 . To address some of these issues, the use of distributed midpoints has been proposed to allow summing of both P-P and P-S data at the same bin size in order to maintain the same fold for both stacks (Cordsen and Lawton, 1996) .
More recently, studies incorporated depth-specific binning algorithms that mapped the true depth-variant position of conversion points for the same source-receiver offset (Lawton et al., 1995 , Lawton, 1996 . These were also directed at land 3C-3D surveys, for which the total source effort is typically about a factor of 2 or 3 times the total receiver effort. Other studies have focused on exploiting the inherent asymmetry of P-S raypaths to better design 3C-3D surveys (Vermeer, 1999) .
With recent advances in ocean-bottom cable (OBC) 4-component (4C) acquisition technology, there has been an explosive growth of converted wave surveys in the marine environment. The purpose of these surveys has been for structural imaging in areas with gas chimneys such as the Tommeliten field, North Sea (Granli et al., 1999) , and more recently, for stratigraphic and lithological mapping at the Alba field, also in the North Sea (MacLeod et al., 1999) . Because of the high cost of deployment of OBC systems and the low cost per shot in the marine environment, these converted wave surveys have a very high source to receiver effort ratio. In addition, since the receivers are placed on the ocean floor, the receivers and shots are vertically separated, with this elevation difference becoming significant for deep water surveys currently being reported. These factors require consideration at the design stage, and CREWES software is being developed to evaluate their importance. Figure 1 is a schematic which compares the commonly implemented ACP binning with the new DSCP binning that we propose here. For a given source-receiver pair, the ACP binning will place all conversion points, regardless of their depths, along the asymptote of the conversion point trajectory (see Figure 1a) . However, the DSCP binning uses a raytracing scheme via input of a depth, z, to a specific target reflector and a V p /V s over this depth interval (see Figure 1b) . Thus we feel that the DSCP approach provides a much more accurate mapping of the true conversion point in the subsurface for a specific target depth. 
Methodology

Results
The differences between the ACP and DSCP approaches for 4C-3D OBC data are probably best illustrated through an example. A synthetic survey design was developed using parameters listed in Table 1 , representing a typical small survey. The receiver patch covers an area of 2.0 × 1.5 km, located centrally in a shot patch which measures 4.0 × 3.0 km in area. Figure 2 shows the design geometry; shots extend well outside the areal extent of the receiver patch to get good offset and azimuth distributions for converted waves within the area covered by receivers. This survey was designed for a target depth of 2000 m. Figure 3 is the P-S fold map, computed using asymptotic binning, for V p /V s = 2.0, and placing the source and receivers at the same elevation. This map shows stripes of empty bins parallel to the shot lines (for bin dimensions of 25 × 25 m), as predicted from criteria discussed by Lawton (1994) . However, a more accurate view of the subsurface P-S illumination is provided by generating a depth-specific fold map, shown in Figure 4 . These data are computed by raytracing through a single homogeneous layer with V p /V s = 2.0 and retaining the source and receiver to be at the same elevation, and for a target depth of 2000 m. The depthspecific fold map (Figure 4 ) predicts a smoother fold variation than the asymptotic fold map (Figure 3 ), although there is still some lower fold bin lines parallel to the shot lines.
In the case of OBC data, the receivers are placed at the sea floor, and the change in elevation between sources and receiver will alter the P-S binning characteristics. Figure 5 shows the depth-specific (target depth of 2000 m) fold maps for a water depth of 200 m. As the water depth increases, the long-wavelength fold-variations become more pronounced, parallel to the receiver lines and generally between them. Although the maximum fold is high (~ 170), the pattern of fold variations might be anticipated to result in a discernible acquisition footprint in processed data volumes. This poor fold pattern could be ameliorated by using a smaller receiver line separation (e.g. 150 m).
Conclusions
We believe that the DSCP binning approach provides a much better and accurate mapping of the subsurface conversion points for a given target depth. The P-S fold maps presented here illustrate that V p /V s and water depth will both introduce patterns of fold variations that might yield acquisition footprints in P-S volumes from OBC surveys. It is planned to continue this modeling work to incorporate layered models and well as anisotropic velocities. 
